Research on the fabrication of high performance Au nanocrystal semiconductor memory by 许怡红
  
学校编码：10384                                分类号      密级       








硕  士  学  位  论  文 
   
高性能 Au 纳米晶半导体存储器的研制 
Research on the fabrication of high performance Au 




指导教师姓名：陈松岩   教授  
专  业 名 称：微电子学与固体电子学  
论文提交日期：2016年   月 
论文答辩时间：2016年   月 
学位授予日期：2016年   月 
 
答辩委员会主席：         
评    阅    人：         
 




















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的













































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 








                             声明人（签名）： 



















































（1）采用射频磁控溅射结合快速热退火的方法在 SiO2/Si 结构上制备了 Au




的 Au 纳米颗粒呈现先增大后减小的变化。通过降低溅射功率，可以在 SiO2/Si
结构上制备得到高密度（1.1×1012/cm2）、小尺寸（<5nm）、尺寸分布集中的 Au





了不同等离子体处理功率对 HfO2 电学特性的影响。结果表明，90W 功率处理
条件下的样品获得了最好的电学性能，氧化层内的陷阱密度得到有效降低，其 
C-V 特性曲线在-6V~6V 扫描电压范围内的回滞窗口从处理前的 1.1V 降低到了
0.2V，同时其栅漏电流密度也从 3.8×10-5A/cm2降低到 2.6×10-6A/cm2，并且等效
氧化层厚度 EOT也得到进一步减小。通过 XPS 分析发现，对 HfO2介质层进行
N2 等离子体处理的方法能在薄膜中引入 N，可钝化 HfO2 薄膜中的氧空位，形
成 HfOxNy，使薄膜的质量得到提高。 






































Metal nanocrystal nonvolatile semiconductor memory is a promising candidate 
to replace the traditional floating gate nonvolatile memory as mainstream flash 
products due to the advantages of small unit area, high integration density, low 
operating voltage, fast write/erase speeds, low-power and its compatibility with Si 
technology. Therefore, improving the performance of metal nanocrystal memory is of 
great significance. This thesis is aiming at improving the storage capacity of the Au 
nanocrystal memory. By controlling the size, density, distribution of Au nanoparticles 
and optimizing the quality of the HfO2 blocking oxide, the low power consumption 
and large capacity of Au nanocrystal memory is obtained, which may be benefit for 
the application of nanocrystal memory in the future. The main works and innovation 
are summarized as follows: 
1. Au nanoparticles were fabricated on SiO2/Si substrate by using radio 
frequency magnetron sputtering with rapid thermal annealing, and the influence of 
different fabricated conditions on the formation of Au nanoparticles were also 
investigated, aiming at improving controllability of the formation of Au nanoparticles. 
Results showed that discrete Au nanoparticles could be achieved when the sputtering 
time was short enough, but with the increase of sputtering time, the number density of 
Au nanoparticles increased gradually until they merged into film. The discrete Au 
nanoparticles after sputtering had good thermal stability, while the Au nanoparticles 
formed from the Au ultra-thin film first increased and then decreased with the increase 
of annealing temperature. By optimizing the sputtering power, Au nanoparticles with 
high density of about 1.1×1012/cm2, small size （<5nm）and small size distribution 
range were achieved on the SiO2/Si substrate. In addition, we also found that the 
doping type and the doping concentration of Si substrate could affect the formation of 
Au film. Under the same condition, the area of Au connected film formed on the high 
doped n
+
-Si substrate was the smallest, resulting in the smallest size and the largest 















2. N2-plasma treatment was used to optimize the quality of HfO2 dielectric layer, 
and the impact of plasma power on the electrical performance of HfO2 was also 
demonstrated. The results indicated that the MOS device with N2-plasma treatment 
under the power of 90W obtained the best electrical performance. The hysteresis 
window of its C-V curve reduced from 1.1V to 0.2V, owing to the reduction of the 









, while the equivalent oxide thickness (EOT) of 
HfO2 was also further reduced. By XPS analyses, we found that N atoms can be 
introduced in the HfO2 dielectric layer after N2-plasma treatment, which may 
passivate the oxygen vacancy in the HfO2 film and form HfOxNy, improving the 
quality of HfO2 dielectric layer. 
3. The N2-plasma treatment was applied to the HfO2 blocking oxide of Au 
nanocrystal memory, and the charge storage properties of Au nanocrystals with 
different size was also studied. Results showed that higher charge storage capacity of 
the Au nanocrystal memory can be achieved by the use of N2-plasma treatment on the 
HfO2 blocking oxide. The charge storage capacity is affected not only by the size and 
density of nanocrystals, but also the size distribution. By optimizing the formation 
parameters of Au nanocrystals, the memory window as high as 11.8 V was achieved 
for a sweeping voltage of -12 V to 12V. 
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出并应用于集成电路。1967年 D. Kahng和 S. M. Sze发明了浮栅(floating gate)结


















































持 性 能 [11] 。 1977 年 ， Chen 等 人 提 出 了 SONOS （ Poly 
silicon-Oxide-Nitride-Oxide-Silicon）结构的缺陷电荷俘获型存储器（Charge 
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